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ABSTRACT 
The main objective of this work is to explore weight and cost reduction opportunities in the design 
and production of a connecting rod, achieved by performing a detailed load analysis. The study 
deals with load and stress analysis of the connecting rod is done and then optimization is achieved 
by reducing the weight and cost. First part of the study analysis includes the determination of 
loads acting on the connecting rod as a function of time. This is done for finding out the minimum 
stress area and to remove the material in those areas. The relationship between the load and 
acceleration of the connecting rod for a given constant speed of the crankshaft are also 
determined. Finite element analysis was performed at several crank angles. The connecting rod 
can be designed and optimized under the loads ranging from tensile load, corresponding to 360 
degree crank angle at the maximum engine speed as one extreme load and compressive load 
corresponding to the peak gas pressure as the other extreme load. Modal analysis is performed in 
order to find out the natural frequencies. Furthermore, the existing connecting rod material is 
replaced with a new composite material. The fracture crack ability feature facilitates separation of 
cap from rod without additional machining of the mating surfaces. Yet, the same performance can 
be expected in terms of component durability. This aspect is considered in this work and the 
connecting rod is optimized by reducing the weight and cost. 
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1. INTRODUCTION 
  The automotive vehicle has become a basic necessity of today. For any automotive 
vehicle, the human comfort is considered as a major criterion. Reducing vibration, noise and 
ensuring safety of the vehicle and pleasure and comfort of the passengers are the main 
consideration in the design of an automotive engine. These parts should be designed to withstand 
the force to make sure that the engine is reliable and durable. The automobile engine connecting 
rod is a high volume production which is a critical component. It connects reciprocating piston to 
rotating crankshaft, transmitting the thrust of the piston to the crankshaft. Every vehicle that uses 
an internal combustion engine requires at least one connecting rod depending upon the number of 
cylinders in the engine. 
 
  The connecting rod is the connection between the piston and the crankshaft. It joins the 
piston pin with the crankpin; small end of the connecting rod is connected to the piston and big 
end to the crank pin. The function of the connecting rod is to convert linear motion of the piston 
into rotary motion of the crankshaft. In the case of four stroke engines, during compression and 
power strokes the connecting rod is subjected to compressive loads and during the last part of the 
exhaust and the beginning of the suction strokes, to tensile loads. In double acting steam engines, 
during the forward stroke the connecting rod is subjected to compressive load and during the 
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return stroke, to tensile load. Connecting rod materials must have good fatigue and shock 
resistances 
2. LITERATURE REVIEW 
  The connecting rod is subjected to a complex state of loading. It undergoes high cyclic 
loads, which range from high compressive loads due to combustion, to high tensile loads due to 
inertia. Therefore, durability of this component is of critical importance. Due to these factors, the 
connecting rod has been the topic of research on various aspects such as production technology, 
materials, performance simulation, fatigue, etc. For the current study, it is necessary to investigate 
finite element modelling techniques, optimization techniques, developments in production 
technology, new materials, fatigue modelling, and manufacturing cost analysis. This brief 
literature survey reviews some of these aspects. In a study reported by Repgen (1998), based on 
fatigue tests carried out on identical components made of powder metal and C-70 steel (fracture 
splitting steel), he notes that the fatigue strength of the forged steel part is 21% higher than that of 
the powder metal component. Also he notes that using the fracture splitting technology results in a 
25% cost reduction over the conventional steel forging process. These factors suggest that a 
fracture splitting material would be the material of choice for steel forged connecting rods. He 
mentions two other steels that are being tested, a modified micro-alloyed steel and a modified 
carbon steel. Other issues discussed by Repgen are the necessity to avoid jig spots along the 
parting line of the rod and the cap, need of consistency in the chemical composition and 
manufacturing process to reduce variance in microstructure and production of near net shape 
rough part. For their optimization study, Serag et al. (1989) developed approximate mathematical 
formulae to define connecting rod weight and cost as objective functions and also the constraints. 
The optimization was achieved using a Geometric Programming technique. Constraints were 
imposed on the compression stress, the bearing pressure at the crank and the piston pin ends. 
Fatigue was not addressed. The cost function was expressed in some exponential form with the 
geometric parameters. 
3. PROBLEM DEFINITION 
  As today’s engines, required to have higher speed and power, their connecting rods have 
higher strength and stiffness, but must be lighter in weight and size. In developing power output 
engine, importance is placed on the weight of the reciprocating and oscillating parts such as 
piston, connecting rod, valve trains etc. The overall performance of the internal combustion 
engine is affected by higher inertia forces, generated by the moving parts of the engine. Therefore, 
it should always be investigated to avoid any failure of the engine in the long run. As the speed 
increases, the maximum tensile load (at 360° of crank revolution) increases whereas the maximum 
compressive load decreases at the crank end. Static finite element analysis is used in this process, 
which can capture the actual structural behaviour of a connecting rod. During finite element 
analysis process, external calculated loads were also taken into interest to perform the elemental 
calculations. The inertia and loads were calculated and applied internally based on these inputs. 
Of the 15 locations as shown in the Fig.1 at point 9, the maximum stress occurs at 360° crank 
angle, but the maximum stress (i.e. Due to influence of bending stress) occurs at 348° crank angle 
at location 13 respectively. 
• Due to over weight of connecting rod, its performance reduces. 
• This affects the overall performance of an IC Engine. 
 
3.1 Need for the Project 
  A connecting rod forms a basic element of an internal combustion (IC) engine, which 
performs the function of converting the reciprocating motion of the piston into angular effort of 
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the crank. The objective of this study is to optimize connecting rod for its weight and 
manufacturing costs, taking into account the recent developments. An optimized solution is the 
minimum or the maximum value that an objective function can take under a given set of 
constraints. The optimization carried out here is not true in mathematical sense, since while 
reducing the mass, manufacturing feasibility and cost reduction forms an integral part of markets. 
This optimization problem, high priority is given to the weight of the connecting rod. During 
optimization, weight and cost are dealt separately.  
 
4. DESIGN METHODOLOGY 
4.1 Analytical Evaluations 
 
 














Fig.2 Digitizing Connecting Rod Geometry Stress (FEA) Analysis Modal Analysis and Life Predictions 
Optimization Analysis. 
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4.2 Steps Involved in Methodology 
Step 1: Modeling of connecting rod using 3D modeling software. 
Step 2: Finite element modeling of the connecting rod. 
Step 3: Analysis of connecting rod using ANSYS software. 
i. Element selection. 
ii. Discretization. 
iii. Mesh generation. 
Step 4: Finite element stress analysis.  
Step 5: Modal analysis. 
Step 6: Optimization. 
 
4.3 Optimization Procedure 
 
  The main objective of optimization is to minimize the mass of the connecting rod such that 
the maximum, minimum and the equivalent stress amplitude are within the limits of allowable 
stress. The production cost also had to be minimized by reducing the machining costs 
respectively. 
 
The stresses in the connecting rod are set up by a combination of forces, some due to the 
external forces, such as piston inertia, gas pressure etc. and some due to the inertia of the 
connecting rod itself. In the case of a four stroke cycle engine, these stresses include direct 
compression or tension (alternating) combined with buckling effect and transverse bending due to 
the oscillating motion of the rod. The maximum value of these two stresses will occur at different 
instances. So, it is desirable that these stresses be combined over the complete cycle of operation, 
otherwise serious stress reversals may be overlooked. An accurate estimation of the stresses is 
extremely difficult to make. 
 




(a) Gas Load 
Gas load (P) =  
A=  
 
(b) Inertia Load 
Inertia load (F) =  
a =  
The axial load (Q) acting on the connecting rod is given by, 
Q =        
 
Bending Load 
Total inertia bending force is given by 
   
Also, this force will cause a small deflection which in turn will cause the axial load to be 
eccentric to the neutral axis of the connecting rod. 
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4.6 Calculation of Stresses 
 
Stress Due to Axial Loads 
These stresses are calculated as follows, 
 
The acceleration is found at the center of gravity of the section which is under consideration, the 
inertia forces is given by, 
   
This force is added to the axial force acting on the connecting rod to find out the axial stresses. 
 
Stress due to Inertia Bending Force 
The bending moment at any section ‘x’ m from the small end is given by 
M=  




The axial and bending stresses calculated above produces a variation of stress over the I-section 
of the connecting rod. The stresses at the outer and inner fiber of the I-section are calculated as 
follows, 
   
 
5. FINITE ELEMENT ANALYSIS OF THE CONNECTING ROD 
 
5.1 Analysis of the Connecting Rod 
 
After applying the loads and boundary conditions, ANSYS solution module solves the 
finite element problem. The forces found at different crank angles were applied to the model and 
solved. The stress contours in the model due to combined axial compressive and inertia bending 
loads at different crank angle. And stress contours in the model due to combined tensile and 




Fig.3 Finite Element Model of the Connecting Rod 
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6. RESULTS AND DISCUSSION 
 
The connecting rod of a high speed automotive compression ignition engine modeled 
using Modeling Technique and analysed it using Finite Element Technique. Various alternatives 
are discussed for the assumed conditions in the above modeling and analysis of the connecting rod 
and the final dimensions obtained after finite element analysis, satisfy, the requirements. 
 
 
Fig.4 Structural Analysis on Existing Connecting Rod 
 
The static analysis of the connecting rod has been taken into consideration of the axial and 
bending loads. The axial loads and the bending loads are calculated analytically at different crank-
angles and applied to the finite element model of the connecting rod and analysed. The result of 
the finite element analysis is compared with analytical stress values. From the analysis it is found 
that the stress values are well below the yield strength of the connecting rod material. 
 
Comparison of results indicates that the shank region of the connecting rod offers the 
highest potential for weight reduction. In the shank region, the rib and the web thickness were 
reduced only up to certain limits. 
















S. Om Prakash et al. / International Research Journal of Automotive Technology 2018; 1(6): 80-87 
 
Fig.6 Modal Analysis 
 
When we analysed the natural frequency using modal analysis, then we noticed that there 
is no chance of resonance. If the frequency of excitation coincides with any of the natural 
frequencies, resonance occurs and that may result in the mechanical failure of the system. 
 
7. CONCLUSION  
 
An earnest attempt is made in the development of a suitable less weight connecting rod for 
a multi-cylinder automotive compression-ignited engine using Modeling and Finite Element 
Techniques. Optimization was performed to reduce weight and manufacturing cost of a steel 
connecting rod subjected to cyclic load comprising the compressive gas load and the dynamic 
tensile load at different speed, corresponding to various crank angles. Cost was reduced by 
changing the material of the existing C45 steel connecting rod to C70 steel. 
• Optimization is performed to reduce weight and manufacturing cost of a steel connecting 
rod subjected to different load at different speed, corresponding to various crank angles. 
• Material removal has been introduced in places where minimum stress is acting. 
• Modal analysis performed to find out natural frequency’s to reduce excitation noise and 
vibration. 
• Cost is reduced by changing the material of the existing C 45 steel connecting rod to C 70 
steel.  
 
With more informative data, we will be able generate very good designs relatively in a 
short period of time and there we may use optimal designs. We believe that the techniques 
employed in this study will be of great use to the designer. Similar studies may be taken up for the 
effective design of the other internal combustion engine components. Static analysis is only 
carried out in this project. Further it can be extended to do the quasi dynamic analysis. It can also 
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